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Recent antibiotic use is a risk factor for infection or col-
onization with resistant bacterial pathogens. Demand for
antibiotics can be affected by consumers’ knowledge, atti-
tudes, and practices. In 1998–1999, the Foodborne
Diseases Active Surveillance Network (FoodNet) conduct-
ed a population-based, random-digit dialing telephone sur-
vey, including questions regarding respondents’ knowl-
edge, attitudes, and practices of antibiotic use. Twelve per-
cent had recently taken antibiotics; 27% believed that tak-
ing antibiotics when they had a cold made them better
more quickly, 32% believed that taking antibiotics when
they had a cold prevented more serious illness, and 48%
expected a prescription for antibiotics when they were ill
enough from a cold to seek medical attention. These mis-
guided beliefs and expectations were associated with a
lack of awareness of the dangers of antibiotic use; 58% of
patients were not aware of the possible health dangers.
National educational efforts are needed to address these
issues if patient demand for antibiotics is to be reduced.
A
ntimicrobial resistance is a rapidly increasing prob-
lem in the United States and worldwide. Awell-docu-
mented risk factor for infection or colonization with resist-
ant bacterial pathogens is recent antibiotic use, particular-
ly within 4 weeks or 1 month before exposure (1–6). As a
result, one of the primary strategies to prevent and control
the emergence and spread of resistant organisms is to
reduce the selective pressure of overuse and misuse of
antibiotics in human medicine (7). 
Several studies have identified and examined specific
causes of the misuse of antibiotics, including unnecessary
prescribing (8–14) and patient demand (15–17). Factors
contributing to inappropriate prescribing practices have
been elucidated. In particular, numerous studies of adults
have shown that patients’ expectations or physicians’ per-
ceptions of those expectations affect the physicians’ pre-
scribing behavior (10,13,16–24). 
To solve the problem of antibiotic misuse, a more thor-
ough understanding of what influences the development
and expression of patients’ expectations must be gained.
Understanding patients’knowledge, attitude, and practices
may facilitate more effective communication between the
clinician and patient, as well as aid in the development of
strategies to educate patients and the public (25). Several
lines of evidence suggest educational interventions direct-
ed at patients and clinicians can increase patients’ knowl-
edge and awareness, as well as reduce the frequency with
which clinicians prescribe antibiotics inappropriately
(26–30).
Our investigation, an analysis of data from a national
population-based cross-sectional survey, provides a
glimpse of the current knowledge, attitudes, and practices
regarding antibiotic use among patients. We also attempt to
identify demographic characteristics associated with par-
ticular knowledge, attitude, and practices and to determine
whether a person’s attitudes toward and knowledge of risks
associated with taking antibiotics are associated with
recent antibiotic use. Identifying subgroups of the popula-
tion with high levels of antibiotic use and with misconcep-
tions about antibiotic use will help public health officials
target and track the impact of interventions. Other infor-
mation obtained from this population-based survey will
provide further insight for the development and evaluation
of health education and prevention strategies.
Methods
Data Source
From February 2, 1998, through February 15, 1999, the
Emerging Infections Program’s Foodborne Diseases
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Each month, approximately 150 residents in each state
were interviewed. After screening to remove business and
nonworking telephone numbers, an outside contractor con-
tacted respondents by telephone using a random-digit-dial-
ing, single-stage sampling method (31). 
These contractors conducted the interviews using meth-
ods similar to those used in the Behavioral Risk Factor
Surveillance System (32). All interviews were conducted
in English. Using a standardized questionnaire, they asked
one respondent per household about his or her knowledge,
attitudes, and recent practices regarding antibiotic use. All
members of the household were eligible for selection.
Institutional review boards at the Centers for Disease
Control and Prevention and all participating states
approved the study.
Interviewers obtained verbal consent from all study
participants before administering the questionnaire. They
informed participants why the information was being col-
lected, and how it would be used, and read them a state-
ment informing them that their participation was voluntary
before the start of the interview. No personal identifiers
were included in this dataset. 
Survey Questionnaire
Five items (two questions and three statements) address-
ing participants’knowledge, attitudes, and practices regard-
ing antibiotic use were included in the survey. Recent antibi-
otic use referred to antibiotic use in the past 4 weeks.
Respondents who took an antibiotic were asked whether the
antibiotic was prescribed by their physician for a current ill-
ness or for a previous illness or if the antibiotic was pre-
scribed for someone else. For the question, “Are you aware
of any health dangers to yourself or other people associated
with taking antibiotics?” respondents’ knowledge of health
dangers associated with taking antibiotics was classified
into the following categories: emerging drug resistance,
allergies/reactions, antibiotics may kill “friendly”/“good”
microbes, it is unhealthy to take drugs/chemicals in general,
misuse/overuse of antibiotics, multiple reasons, other, don’t
know, or refused. Answers to survey items 1 and 5 were
yes/no. For statements 2, 3, and 4, participants were asked
to respond according to the following 5-point Likert scale:
1=strongly agree, 2=agree somewhat, 3=unsure, 4=disagree
somewhat, and 5=strongly disagree. We classified those
who answered “strongly agree” or “agree somewhat” to the
antibiotic knowledge questions as having agreed and those
who answered “strongly disagree” or “disagree somewhat”
as having disagreed. Those who refused to answer a ques-
tion were not included in the analysis.
In addition to eliciting participants’ responses to these
questions, the survey also recorded demographic charac-
teristics of the participants, including their sex, age,
income level, education, race, state, and place of residence.
Respondents’ place of residence was categorized as urban
if they reported living in a city or town of >50,000 resi-
dents. Presence of children in the household (yes/no),
month of interview, and medical insurance status were also
recorded. Respondents were classified as being “with
insurance” if they reported any of the following as their
type of insurance: health maintenance organization, pre-
ferred provider organization, traditional indemnity insur-
ance, Medicaid, Medicare, or other. If respondents report-
ed their type of insurance as “don’t know” or if they
refused to answer the question, they were not included in
the analysis.
To simplify our analysis, we coded persons indicating
Hispanic ethnicity as Hispanic, even if they also identified
themselves by race (e.g., a white-Hispanic male would be
coded for race as Hispanic). For our multivariable analy-
sis, we grouped persons identified as Asian, Pacific
Islander, American Indian, or Alaskan Native into the cat-
egory called “other.” We also added those who responded
“don’t know” or “unsure” to the attitude questions to the
“agree” group to divide respondents into two groups: those
who responded correctly (disagree) and those who did not
(agree or don’t know). For our multivariable logistic
regression, we grouped respondents who answered “don’t
know” to the question, “Are you aware of dangers associ-
ated with antibiotics?” with those who answered “no.”
Persons responding “don’t know” to the question, “In the
past 4 weeks, have you taken antibiotics?” were not
included in the analysis. We evaluated respondents’educa-
tion and income levels as continuous variables.
Statistical Analysis
To compensate for respondents’ unequal probability of
selection and allow population estimates to be made, we
weighted the data following procedures from the
Behavioral Risk Factor Surveillance System (33) and
based our weighting on the number of residential phone
numbers, the number of people per household, and the
1998 postcensus estimates for the age- and sex-specific
population of the FoodNet sites (B. Imhoff, pers. comm.).
We did not include race in the poststratification weight
since some site-sex-age-race groups contained <10 survey
participants.
We analyzed the data using SUDAAN (SUrvey DAta
ANalysis, v7.5.2, Research Triangle Institute, Research
Triangle Park NC), a specialized statistical procedure for
analyzing complex sample survey data, and ran the analy-
sis using SAS (Statistical Analysis Software, v6.12) (SAS
Institute, Inc., Cary, NC) This software adjusts for the
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clustering) and uses Taylor series linearization methods to
estimate variances. Because the ratio of sample size to
population size was small, we approximated the sample
design by a “with-replacement” design for purposes of
variance estimation in SUDAAN. Any bias resulting from
such replacement sampling will be in the conservative
direction.
We examined respondents’attitudes toward, and aware-
ness of, antibiotic use by their age, sex, race, income level,
education, state, place of residence, medical insurance sta-
tus, presence of children in household, and month of the
interview. We then tested the relationships between
respondents’ demographic characteristics and their
responses to the questions and statements about antibiotics
using chi-square tests for independence. We used the
results of the bivariate analyses to develop two multivari-
able logistic regression models: 1) a model assessing the
effects of respondents’ awareness of antibiotic dangers on
their attitudes toward and expectations of antibiotics; and
2) a model assessing the influence of respondents’attitudes
on their recent antibiotic use.
Because of the complexity of the analyses, we used
only second-degree product terms to assess interaction
effects. Results of the logistic regression models are
reported as odds ratios (ORs) with 95% confidence inter-
vals (CIs). The level of significance is p=0.05.
Results
The sample consisted of 12,755 respondents: 7,254
females and 5,501 males. Of these 12,755, a total of 1,975
were <18 years old or of an unknown age and thus were
excluded from the analysis (Table 1). Of the remaining
10,780 respondents, 12% reported taking antibiotics with-
in the 4 weeks before the interview (Table 2). Those who
took antibiotics within the prior 4 weeks were more likely
to be female (13.9% overall, 65% of all who took antibi-
otics), have medical insurance (12.6%, p<0.01), and live in
rural or farm areas (12.9% and 17.6%, respectively,
p=0.02). In addition, antibiotic use varied by age group,
with the highest use among persons 25–39 years old
(13.2%) and those >60 (13.7%) (Figure). We found no sig-
nificant differences in antibiotic use among groups defined
by race, education level, income, state, month of interview,
and having children in the household. Of those who took
antibiotics (n=1,253), 91% reported using an antibiotic
prescribed for a current infection, while 9% reported using
an old prescription or someone else’s. No demographic
variable was significantly associated with whether respon-
dents used antibiotics obtained to treat their own current
illness.
Of the 10,780 respondents, 27% believed taking antibi-
otics when they had a cold prevented more serious illness
(survey item 2, Table 2), 32% believed taking antibiotics
when they had a cold made them recover more quickly
(survey item 3), and 48% expected a prescription for
antibiotics when they were ill enough from a cold to seek
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Table 1. Demographic characteristics of participants in FoodNet 
population survey, 1998–1999 
Demographic characteristic  N=12,755  %
a 
Sex     
Male  5,501  49.0 
Female  7,254  51.0 
Age (y)     
<18  1,817  25.4 
18–24  1,005  8.9 
25–39  3,239  23.5 
40–59  4,105  26.1 
60 +  2,431  15.4 
Unknown  158  0.8 
Race     
White  10,278  75.0 
Black  1,152  11.2 
Hispanic  675  7.6 
Asian  339  3.6 
American Indian  99  0.9 
Other Race  80  0.9 
Unknown  132  0.9 
Education     
<High school or less  1,792  19.3 
High school graduate  3,169  24.7 
Some college  3,528  26.4 
College graduate   2,556  18.3 
Postgraduate  1,595  10.6 
Unknown  115  0.8 
Income     
<$15,000  1,536  10.6 
>$15,000 but <$30,000  2,097  15.5 
>$30,000 but <$60,000  3,444  26.1 
>$60,000 but <$100,000  1,969  16.2 
>$100,000  947  7.8 
Unknown  2,762  23.8 
Residence     
City/urban  4,374  34.2 
Suburban  4,338  33.3 
Town/village  1,807  13.4 
Rural (not farm)  1,672  14.4 
Farm  493  4.3 
Unknown  71  0.5 
Insurance     
With medical insurance  10,561  79.6 
Without medical insurance  990  8.3 
Unknown  1,204  12.2 
aPercentages are based on weighted population data. medical attention (survey item 4). Respondents agreeing
with any one of these statements were significantly more
likely (p<0.01) to be male, younger (18–24 years), non-
white, not college educated, and earning <$30,000 per year
(Figure). We also found significant differences by place of
residence, with respondents living in rural or farm areas
being more likely to agree with the statements.
Respondents with children were more likely to agree with
survey item 2 (28% vs. 26%), item 3 (34% vs. 31%), and
item 4 (50% vs. 46%): all differences had p values <0.01.
Responses varied among states (p<0.01), with residents of
Maryland and Georgia consistently having higher levels of
agreement than residents of the other study areas. (For
item 2: 27% and 38% vs. 22%–26% [other states] item 3:
35% and 41% vs. 26%–31% [other states], and item 4:
50% and 56% vs. 40%–48% [other states]). Agreeing with
the statement, “By the time I am sick enough to see a doc-
tor because of a cold, I usually expect a prescription for
antibiotics,” did not vary significantly by month of inter-
view or health insurance status. However, not having
insurance was significantly associated with agreement to
the statements, “When I get a cold, antibiotics help me to
get better more quickly” (42% vs. 27%, p<0.01), and
“When I have a cold, I should take antibiotics to prevent
getting a more serous illness” (40% vs. 25%, p<0.01).
Being interviewed from September through January was
also associated with agreeing with these statements (p<
0.05 and p<0.02, respectively).
Fifty-eight percent of respondents were not aware of
health dangers associated with taking antibiotics (Table 2).
Persons not aware of dangers associated with antibiotic use
were significantly (p<0.01) more likely to be male and
younger and to live in rural or farm areas. They were also
significantly more likely to have less education, lower
income, and no insurance (Figure). We found no associa-
tion between awareness of the dangers of antibiotic use
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Table 2. Responses of 10,780 persons to survey items, FoodNet population survey, 1998–1999  
Survey item   Yes/agree  No/disagree  Unsure  % yes 
1. In the past 4 weeks, have you (has he/she) taken any antibiotic medicine?  1,255  9,485  N/A  12.0 
2. When I have a cold, I should take antibiotics to prevent getting a more serious illness.  2,544  7,638  538  27.4 
3. When I get a cold, antibiotics help me to get better more quickly.  3,053  6,758  896  32.2 
4. By the time I am sick enough to talk to or visit a doctor because of a cold, I usually 
expect a prescription for antibiotics. 
4,812  4,954  911  47.6 
5. Are you aware of any health dangers to yourself or other people associated with taking 
antibiotics? 
4,860  5,749  164  41.9 
aValues are numbers of persons who answered the questions or statements. Percentages are based on weighted population data. 
Figure. Demographic distributions of responses to five statements about antibiotics.
Histograms show the percentage of respondents agreeing with each of the statements.
1) In the past 4 weeks, have you (has he/she) taken any antibiotic medicine? 2) When I
have a cold, I should take antibiotics to prevent getting a more serious illness. 3) When
I get a cold, antibiotics help me to get better more quickly. 4) By the time I am sick enough
to talk to or visit a doctor because of a cold, I usually expect a prescription for antibiotics.
5) Are you aware of any health dangers to yourself or other people associated with tak-
ing antibiotics? 
Statement Statement Statement
Statement Statement
Statement
Statementand the month of the interview or having children in the
household. Of those aware of health dangers, 58% men-
tioned factors related to the emergence of drug resistance
as a consequence of antibiotic use, 27% mentioned aller-
gies/reactions, 9% recognized that antibiotics kill “good”
microbes, and 5% agreed that “it is generally unhealthy to
take antibiotics.” 
Multivariable Analysis
Associations between Attitude Statements and
Awareness of Dangers 
We constructed three independent models to assess the
relationship between participants’ knowledge of the dan-
gers of antibiotics (and demographic characteristics) and
each of the three different attitude statements as the out-
come. Each of these relationships was significant in the
univariate and multivariable analyses (Table 3). 
Participants not aware of adverse effects of antibiotic
use were 2.5 times more likely to agree with the statement,
“When I have a cold, I should take antibiotics to prevent
getting a more serious illness” (95% CI 2.14 to 2.92). In
addition, the demographic variables of age, sex, race,
income level, education level, and state were all significant
predictors of agreement. We also found significant interac-
tions between the awareness variable and race and educa-
tion, as well as interactions between age and gender.
We also found a significant association between partic-
ipants agreeing with the statement, “When I have a cold,
antibiotics help me to get better more quickly,” and their
being aware of health dangers associated with indiscrimi-
nate use of antibiotics (OR 2.29, 95% CI 1.99 to 2.65).
Those agreeing with this statement were more likely to be
older (40–59 years old: OR 2.20, 95% CI 1.32 to 3.66; and
>60 years old: OR 2.08, 95% CI 1.22 to 3.25).
Participants not aware of dangers were 1.96 times more
likely to agree with the statement, “By the time I am sick
enough to talk to or visit a doctor because of a cold, I usu-
ally expect a prescription for antibiotics” (95% CI 1.72 to
2.23). The other demographic variables in the model sig-
nificantly associated with participants’ responses to this
statement were age, sex, income level, education level,
insurance, state, and place of residence.
Association between Antibiotic Use and Attitude
Statements and Awareness of Dangers
Using another multivariable model, we examined the
association between respondents’taking antibiotics in the
prior 4 weeks and their attitudes toward and knowledge
of the adverse effects of antibiotic use (Table 4). The
overall model was adjusted for participants’ sex, age,
education, race, household income, state, place of resi-
dence, child in the house, and insurance. After adjusting
for these demographic variables, we found that only one
attitude statement remained a predictor of recent antibiot-
ic use. Participants agreeing with the statement, “When I
have a cold, antibiotics help me to get better more quick-
ly,” were 1.50 times more likely to have recently taken an
antibiotic. 
Paradoxically, participants aware of dangers related to
antibiotic use were 1.37 times more likely to have taken
antibiotics in the previous 4 weeks (95% CI 1.11 to 1.69)
even though awareness of these dangers was not a univari-
ate predictor of antibiotic use (OR 0.99, 95% CI 0.49 to
1.98). Of note, only one attitude statement was significant
in predicting antibiotic use, suggesting that all of the state-
ments are measuring similar things (Table 4).
Discussion
The results of this FoodNet survey showed that 12% of
adult respondents had used antibiotics during the prior
month, most (91%) of which were prescribed for a current
infection. Extrapolating from the survey data, we estimate
that every adult in the United States in 1998 used antibi-
otics an average of 1.4 times and that approximately 1 in
10 adults who used antibiotics did so without seeing a
physician. 
The results also suggest that peoples’ knowledge and
attitudes regarding antibiotic use can be substantially
improved and that improved knowledge may be important
for efforts to reduce the misconceptions and misguided
expectations contributing to inappropriate antibiotic use.
Overall, 53% of respondents to this population-based sur-
vey reported at least one misconception that may put them
at unnecessary risk for infection with resistant bacterial
pathogens, and 58% were not aware of the health dangers
associated with antibiotic use. Nearly half (48%) of the
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Table 3: Effect of knowledge on attitude statements, FoodNet population survey, 1998–1999
a 
    95% CI
d 
Independent models  Adjusted OR
b,c  Upper  Lower 
1. Agree that antibiotics prevent serious illness  2.50
d  2.14  2.92 
2. Agree that antibiotics help me get better more quickly  2.29
d  1.99  2.65 
3. Expect a prescription for antibiotics  1.96
d  1.72  2.23 
aWe constructed three independent models with the three attitude statements as the dependent variables and knowledge of the dangers of antibiotics and selected 
demographic characteristics as independent variables. 
bOR, odds ratio; CI, confidence interval. 
cAdjusted for sex, age, education, race, household income, state, place of residence, and insurance.  
dValues are significant (p<0.01) after adjusting for multiple comparisons. respondents indicated that they expected an antibiotic
when they visit a doctor.
This survey identified persons in demographic groups
who had both higher levels of misconceptions and lower
levels of knowledge about the potential adverse impact of
antibiotics. These groups included persons of lower
socioeconomic status, lower educational status, males,
those in younger age groups, and the elderly. Efforts to
reach these groups must be a part of any educational
efforts to change patient expectations and to reduce the
corresponding pressure on providers to prescribe antibi-
otics inappropriately.
The results of this study did not show a consistent direct
link between misguided expectations and higher levels of
recent antibiotic use. In part, this lack may have been due
to the design of the survey, which focused on collecting
frequency data and did not aim to define the reasons for
antibiotic use. In addition, in our analysis, we found that
the three attitude statements were similar measures of a
person’s opinions on antibiotic use. The statements have
the same demographic predictors and association with the
knowledge variable and, in reality, they appear to measure
the same thing (Table 3). 
We did not find an association between recent antibiotic
use and lower knowledge levels. Before the analysis, we
assumed that persons lacking knowledge about the dangers
associated with antibiotic use would be more likely to take
antibiotics. However, we found that study participants
aware of these health dangers were actually more likely to
have taken antibiotics in the prior 4 weeks. Persons of high-
er socioeconomic status (higher education and income)
have better access to health care and are more likely to use
antibiotics in general; we did find that people who took an
antibiotic recently were more likely to have medical insur-
ance. Another possible explanation is that those who
recently took antibiotics may have learned about the
adverse effects of antibiotic use from their physician or
pharmacist or from their personal experience with antibiot-
ic side effects. Future epidemiologic studies of antibiotic
use in diverse populations should be designed to collect
information on why participants use antibiotics to distin-
guish between appropriate and inappropriate antibiotic use.
This type of study has several other important limita-
tions. A telephone survey creates the possibility of selec-
tion bias because it may not reflect the population being
surveyed (32). In addition, the survey catchment popula-
tion did not include persons who refused to participate, did
not have a telephone, did not speak English, or could not
respond because of physical or mental impairment.
However, the weighting process adjusted for age- and sex-
based differences in rates. 
Another limitation is the cross-sectional nature of this
study. Each participant was assessed only once, and the
study was not designed to detect recent changes in opinion.
Furthermore, the indicators used measured self-reported
behavior not actual behavior. We did not attempt to vali-
date responses on the basis of actual observation, and the
survey did not determine whether the antibiotic use was
appropriate.
Additionally, respondents may have misunderstood the
statements about colds and antibiotics. For example, if
they had previous experience with what they thought was
a cold, and a physician diagnosed a bacterial ear infection,
they may have responded that antibiotics help them get
better more quickly when they have a cold (17). In addi-
tion, several studies have shown that patients often do not
have accurate knowledge of antibiotics (15,34). Hong et
al., for example, found that patients often could not identi-
fy whether a medication was an antibiotic or not and that
many patients considered “antibiotics” to be any prescrip-
tion medication (34). 
This study focused only on antibiotic use among adults.
Antibiotic use is, however, highest among children, as is
the potential for its misuse. In fact, we found that respon-
dents with children in the household were more likely to
agree with the attitude statements, demonstrating that it is
often parents who influence their children’s perceptions of
antibiotic use. 
The results of this analysis demonstrate that popula-
tion-based surveys can contribute to efforts to monitor and
reduce inappropriate antibiotic use. The magnitude of
recent antibiotic use among adults, as well as widespread
lack of awareness about and inappropriate attitudes toward
such use indicate that continued population-based surveys
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Table 4: Effect of attitude and awareness on antibiotic use, FoodNet population survey, 1998–1999  
    95% CI 
Variable  Adjusted OR
b,c  Upper  Lower 
Agree that antibiotics prevent serious illness  0.78  0.57  1.06 
Agree that antibiotics help me get better more quickly  1.50
d  1.13  1.99 
Expect a prescription for antibiotics  0.96  0.77  1.20 
Aware of antibiotic dangers  1.37
d  1.11  1.69 
aWe constructed a multivariable model to look at the association between respondents taking antibiotics in the previous 4 weeks and their attitudes toward and knowledge 
about the adverse effects of antibiotic use. 
bOR, odds ratio; CI, confidence interval. 
cAdjusted for sex, age, education, race, household income, state, place of residence, child in household, and insurance.  
dValues are significant (p<0.01) after adjusting for multiple comparisons. 
acould be useful in efforts to monitor trends in antibiotic
use. Furthermore, such surveys have the potential to effec-
tively monitor antibiotic knowledge, attitudes, and prac-
tices among demographic subgroups of concern. Knowing
the magnitude of the problem and the groups who misuse
antibiotics most frequently will help public health officials
develop and fund intervention efforts, including public
information campaigns. 
However, our findings also point out some important
issues that need to be addressed if this surveillance tool is
to be used to full effect. First, additional population-based
studies are needed not only to measure antibiotic use but
also to determine the reasons that people use them. Such
studies should explore the motivations, expectations, and
incentives that lead persons to use or not use antibiotics.
Second, future studies should include more clearly defined
measures of patients’ knowledge. Better measures of
knowledge may involve asking respondents to differentiate
between antibiotics and other types of prescription medi-
cine and to identify types of infections requiring antibi-
otics. Amore thorough evaluation of respondents’attitudes
may also be useful. To this end, focus groups may help
develop questions that better monitor the general popula-
tion’s attitudes toward antibiotics. Finally, longitudinal
tracking of these types of studies will provide important
information for the assessment of public health programs.
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